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Abstract: Background: Colorectal cancer (CRC) is one of the most commonly cancer worldwide and many studies 
demonstrated that microRNAs (miRNAs) play important roles in the tumorigenesis and development of CRC. The 
purpose of this study was to investigate the expression level and biological functions of miR-128 in CRC. Methods: 
The expression level of miR-128 in 30 CRC specimens and 5 CRC cell lines was detected by quantitative real-time 
PCR (qRT-PCR). Cell proliferation was assessed by CCK-8 assay. Flow cytometry was performed to analyze the cell 
apoptosis and cell cycle distribution. Moreover, luciferase reporter assay was conducted to explore the potential 
target of miR-128 in CRC cells. Results: MiR-128 was significantly down-regulated in CRC specimens as well as in 
CRC cell lines. Overexpression of miR-128 in SW480 cells transfected with miR-128 mimics could suppress CRC 
cell proliferation and induces cell cycle arrest and cell apoptosis. In addition, we found that LRP6 was a direct and 
functional target of miR-128. In keeping with the effect induced by overexpression of miR-128, knockdown of LRP6 
inhibited CRC cell proliferation. Conclusion: Our study indicated that miR-128 could suppress CRC cell proliferation 
through targeting LRP6. MiR-128 might act as a potential therapeutic target for CRC treatment in the future.
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Introduction

Colorectal cancer (CRC) is one of the most com-
monly cancer worldwide [1], and the incidence 
of CRC has increased annually in China [2]. 
Although treatment strategies for patients with 
CRC have significantly improved within the past 
decade, the treatment results are still unsatis-
factory, particularly for metastatic tumors. The 
pathological process and underlying mecha-
nism of CRC remain poorly understood. 
Therefore, it is necessary to develop novel and 
effective therapeutic strategies.

MicroRNAs (miRNAs) are a large family of small 
non-coding RNA molecules that play important 
roles in variety of cellular processes such as 
proliferation, differentiation, and apoptosis [3, 
4]. MiRNAs regulate gene expression by binding 
to the 3’-untranslated region (UTR) of target 
mRNAs, resulting in translation repression or 
mRNA degradation [5-7]. An accumulating body 
of evidence have shown that the deregulation 

of miRNAs involve in the initiation and progres-
sion of cancer including CRC [8-11]. Some miR-
NAs function as tumor-suppressor genes and 
are downregulated in cancer tissue compared 
with normal tissue [12-14], whereas other miR-
NAs act as oncogenes and are over-expressed 
[15, 16]. Multiple reports indicated that miR-
128 has been shown to be downregulated in 
several types of cancer including hepatocellular 
carcinoma [17], prostate cancer [18], head and 
neck squamous cell carcinoma [19], non-small 
cell lung cancer [20], gastric cancer [21], and to 
function as a tumor-suppressor gene. However, 
the mechanism and function of miR-128 in CRC 
have not been fully determined.

Thus, in this study, we investigated the expres-
sion and function of miR-128 in CRC. Further- 
more, we explored the mechanism underlying 
CRC progression of miR-128 by identifying pos-
sible target genes. This study may be useful for 
the development of novel therapeutic and diag-
nostic strategies for CRC.
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Materials and methods

Human tissue specimens

A total of 30 CRC tissue specimens and their 
adjacent non-tumor tissues were obtained  
from The First Affiliated Hospital of Xinxiang 
Medical University after surgical resection. All 
tissue specimens were immediately snapped 
frozen in liquid nitrogen until use. The study 
was approved by the Institute Research  
Ethics Committee of Shanghai Tenth’s People 
Hospital of Tongji University Chongming  
Branch. All patients wrote informed consent  
for the use of the tissues for research 
purposes.

Cell lines and culture

Human CRC cell lines HCT116, SW403, HT29, 
SW480, SW620 and normal colonic cell line 
FHC were purchased from the American Type 
Culture Collection (ATCC, USA). All CRC cell lines 
were cultured in Dulbecco’s modified Eagle 
medium (DMEM, Gibco, USA) supplemented 
with 10% fetal bovine serum (FBS, Sigma, USA) 
and 100 units/ml of penicillin-streptomycin 
(Invitrogen, Carlsbad, CA). FHC cells were cul-
tured in DMEM/F-12 medium with 10% FBS 
and 100 units/ml of penicillin-streptomycin. 
Cell lines were cultured in a humidified atmo-
sphere of 95% air and 5% CO2 incubator at 
37°C. 

RNA isolation and quantitative real-time PCR

Total RNA was isolated from tissues and cell 
lines by using the Trizol extraction kit (Invitrogen, 
USA) according to the manufacturer’s instruc-
tions. Both miRNA and mRNA were reverse 
transcribed to cDNA by using reverse transcrip-
tion kit (Takara, Japan). Quantitative real-time 
PCR (qRT-PCR) were performed by using SYBR 
Green PCR Kit (Takara, Japan) on ABI 7500 
Fast Real-Time PCR system according to the 
manufacturer’s instructions. U6 small nuclear 
RNA and GAPDH were used as an internal con-
trol for normalization and quantification of miR-
128 and LRP6 expression. All experiments 
were repeated independently in three times. 
The relative expression of genes was calculat-
ed by using the 2-ΔΔCt method.

Cell transfections

The miR-128 mimics and corresponding miRNA 
negative control were purchased from RiboBio 

Company (Guangzhou, China). Small interfering 
RNA (siRNA) for SOX4 and corresponding nega-
tive control were synthesized and purified by 
GenePharma Company (Shanghai, China). 
Transfection was performed by using Lipo- 
fectamine 2000 (Invitrogen, USA) according to 
the manufacturer’s instruction. After transfect-
ed and cultured for 48 h, cells were collected 
for further assays.

Cell proliferation analysis

Cell growth viability was measured by the Cell 
Counting Kit-8 (CCK-8, Japan) assay by follow-
ing the manufacturer’s protocol. Cells were 
plated in a 96-well plate and incubated for 24, 
48, 72 h and 96 h at 37°C in a humidified 
atmosphere with 5% CO2. The absorbance was 
recorded at 450 nm, and all experiments were 
performed in triplicate.

Cell cycle analysis

Cells were harvested at 48 h after transfection, 
centrifuged and washed three times with cold 
PBS. Cells were fixed in 70% ethanol at 4°C 
overnight. After a 30-min digestion in RNase A 
(50 μg/ml), propidium iodide (PI, 50 μg/mL) 
was added to the cells and further incubated at 
room temperature for 30 min in the dark. The 
cell cycle was then analyzed by using the flow 
cytometry (FACSCanto™ II, BD, USA).

Cell apoptosis analysis

Cell apoptosis analysis was performed by using 
Annexin V-FITC/PI apoptosis detection kit (BD, 
USA) according to the manufacturer’s protocol. 
After adding 5 μL Annexin V-FITC reagent, the 
cells were incubated in the dark for 15 min at 
room temperature. Subsequently, 5 μL propidi-
um iodide (PI) was added and the cells were 
incubated in the dark for 5 min at room tem-
perature. The cell apoptosis was then analyzed 
by using the flow cytometry.

Western blot analysis

Total proteins of cells were extracted with RIPA 
buffer containing protease inhibitors. The con-
centrations of the proteins were detected by 
using BCA Protein Assay Kit (Beyotime, 
Shanghai, China). Proteins were fractionated by 
using 10% sodium dodecyl sulfate polyacryl-
amide gel electrophoresis (SDS-PAGE) and 
then transferred onto nitrocellulose mem-
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branes, which were blocked with 5% non-fat 
milk at room temperature for 1 hour and incu-
bated with primary antibodies against human 
LRP6 or GAPDH (CST, USA). GAPDH was used 
as a control. After being washed, the mem-
branes were incubated with secondary antibod-
ies at room temperature for 1 h. After three 
washes with PBST, results were detected by 
using the Odyssey Scanning system (Li-Cor, 
Lincoln, USA).

Luciferase reporter analysis

The 3’-UTR sequence of human LRP6 contain-
ing the wild-type (Wt) or mutant (Mut) miR-128 
binding site were cloned into the pGL3 vector 
(Invitrogen, USA). Cells were seeded in 24-well 
plates and co-transfected with WT or Mut 
3’-UTR vector and miR-128 mimics using 
Lipofectamine 2000. Cells were collected 48 
hours after transfection. Luciferase activities 
were analyzed by using the Dual Luciferase 
Reporter Assay (Promega, USA) following the 
manufacturer’s instructions. All experiments 
were performed in triplicate.

Statistical analysis

All statistical analyses were performed by using 
SPSS 18.0 (USA). Data were presented as 
mean ± SD. Differences between groups were 
analyzed by using student’s t-test or one-way 
ANOVA analysis. A value of P<0.05 was consid-
ered statistically significant.

Results

MiR-128 is downregulated in CRC tissues and 
cell lines

To investigate the expression level of miR-128 
in CRC tissues, we detected its expression in 
30 paired tumor tissues and adjacent non-
tumor tissues by using quantitative real-time 
PCR. MiR-128 was significantly downregulated 
in tumor tissues compared with the adjacent 
normal tissues (Figure 1A). Furthermore, the 
expression of miR-128 in all five CRC cell lines 
(HCT116, SW403, HT29, SW480, SW620) were 
significantly decreased compared to the nor-
mal colonic cell line FHC (Figure 1B). These 
results suggested that miR-128 was abnormal-
ly downregulated both in human CRC tissues 
and cell lines.

MiR-128 suppresses CRC cell proliferation and 
induces cell cycle arrest and cell apoptosis

To study the potential role of miR-128 in the 
pathogenesis of CRC, we then transfected miR-
128 mimics and negative control into SW480 
cells. As expected, miR-128 expression was 
obviously upregulated in SW480 cells trans-
fected with miR-128 mimics compared to cells 
transfected with the negative control (Figure 
2A). We then investigated the effect of miR-128 
on cell proliferation, cell viability assay was per-
formed at 24, 48, 72 and 96 h after transfec-
tion. Compared with the negative control group, 

Figure 1. MicroRNA-128 (miR-128) is downregulated in colorectal cancer (CRC) tissues and cell lines. A. The expres-
sion of miR-128 in 30 paired tumor tissues and adjacent non-tumor tissues was examined by using quantitative 
real-time PCR. B. The expression of miR-128 in CRC cell lines (HCT116, SW403, HT29, SW480, SW620) and normal 
colonic cell line FHC. *P<0.05 and **P<0.01.
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overexpression of miR-128 could significantly 
inhibit SW480 cell proliferation (Figure 2B).

To investigate the mechanism mediating this 
anti-proliferative effect, a cell cycle analysis 
was performed in SW480 cells transfected with 
miR-128 mimics by using flow cytometry. MiR-
128-treated SW480 cells showed obvious cell 
cycle arrest in G0/G1 phase at 48 h after trans-
fection compared to the negative control, char-
acterized by nearly 70% of cells in the G1 phase 
of the cell cycle (Figure 2C). Moreover, we 
explored the level of apoptosis in SW480 cells 
by using flow cytometry analysis, the proportion 
of apoptosis cells was significantly higher in 

cells transfected with miR-128 mimics than 
that in negative control group (Figure 2D). 
These results showed that miR-128 inhibited 
CRC cell proliferation, together with inducing 
cell cycle arrest and cell apoptosis in CRC cell 
lines.

LRP6 is a direct target of miR-128

Next, we tried to predict the potential target 
gene involved in miR-128 regulation on CRC. 
Through bioinformatics analyses using Target- 
Scan, we found that the 3’-UTR of LRP6 mRNA 
contained a target site for miR-128 (Figure 3A). 
To further determine whether LRP6 is a direct 

Figure 2. MiR-128 suppresses CRC cell proliferation, induces cell cycle arrest and cell apoptosis. A. MiR-128 mimics 
up-regulated the expression level of miR-128 compared to negative control in SW480 cells. B. CCK-8 proliferation 
assay showed that overexpression of miR-128 significantly inhibited the proliferation of the SW480 cells compared 
to the negative control. C. Effect of miR-128 mimics on the cell cycle distribution of SW480 cells. Results were ana-
lyzed by flow cytometry 48 h after transfection. MiR-128-treated SW480 cells showed obvious cell cycle arrest com-
pared to the negative control. D. Effect of miR-128 mimics on the cell apoptosis of SW480 cells. Results revealed 
that the proportion of apoptosis cells was significantly higher in cells transfected with miR-128 mimics than that in 
negative control group. *P<0.05 and **P<0.01.
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target of miR-128, we performed luciferase 
reporter assay in SW480 cells. The 3’-UTR of 
the human LRP6 gene containing the miR-128 
binding site or the mutant site was cloned into 
the pGL-3 vector. These luciferase reporter vec-
tors were co-transfected into SW480 cells with 
miR-128 mimics or negative control, and the 
luciferase activities were measured at 48 h 
after transfection. As shown in Figure 3B, miR-
128 could act on the 3’-UTR of wild-type LRP6 
and lead to a significant decrease in luciferase 
activity compared to the negative control, how-
ever, miR-128 mimics did not have the effect 
on luciferase activity of the mutant LRP6 site. 
Moreover, the levels of LRP6 mRNA and protein 
were consistently and substantially downregu-
lated in SW480 cells transfected with miR-128 
mimics by using western blot and qRT-PCR 
analyses (Figure 3C, 3D). Taken together, these 
results suggested that miR-128 could directly 
target LRP6 in CRC cells.

Inverse relationship between LRP6 and miR-
128 expression

Furthermore, we examined the expression lev-
els of LRP6 in CRC tissues and cell lines by 
using qRT-PCR. The results showed that the 
expression level of LRP6 mRNA was markedly 

increased in CRC tissues (Figure 4A) and cell 
lines (Figure 4B) compared to the normal con-
trols. Furthermore, the expression of LRP6 in 
CRC tissues was inversely associated with the 
expression of miR-128 (Figure 4C).

MiR-128 suppresses CRC cell proliferation by 
targeting LRP6

Our results demonstrated that overexpression 
of miR-128 could suppress the proliferation of 
CRC cells, and LRP6 was a direct target of miR-
128. To further investigate the role of LRP6 
reduction in miR-128-induced CRC prolifera-
tion, SW480 cells were transfected with nega-
tive control, miR-128 mimics, LRP6 siRNA and 
co-transfected with miR-128 mimics and LRP6 
siRNA. Results revealed that the mRNA and 
protein levels of LRP6 were markedly decreased 
in LRP6 siRNA group compared to negative 
control (Figure 5A, 5B). In keeping with the 
effect induced by overexpression of miR-128, 
knockdown of LRP6 significantly suppressed 
the cell viability, whereas co-transfected with 
LRP6 siRNA and miR-128 mimics did not have 
further suppressive effect on cell growth in 
CRC cells (Figure 5C). These results indicated 
that miR-128 could suppress CRC cell prolifera-
tion through targeting LRP6.

Figure 3. LRP6 is a direct target of miR-128 in CRC. A. The 3’-UTR of LRP6 mRNA contained a target site for miR-
128. B. Luciferase activity assay were performed with co-transfection of wild-type or mutant LRP6 and miR-128 
mimics or negative control in SW480 cells. C. The effect of miR-128 mimics on the expression level of LRP6 protein 
by using western blot analysis. D. The effect of miR-128 mimics on the expression level of LRP6 mRNA by using 
qRT-PCR analysis. *P<0.05 and **P<0.01.
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Discussion

In this study, we examined the expression level 
of miR-128 in colorectal cancer. Our results 
showed that miR-128 was significantly down-
regulated in CRC tissues as well as in CRC cell 
lines. Overexpression of miR-128 in SW480 
cells transfected with miR-128 mimics could 
suppress CRC cell proliferation and induces 
cell cycle arrest and cell apoptosis. In addition, 
we found that LRP6 was a direct and functional 
target of miR-128 in CRC cells. The expression 
of LRP6 was markedly increased in CRC tissues 
and cell lines compared with normal controls, 
while knockdown of LRP6 by using siRNA inhib-
ited CRC cell proliferation. These results dem-
onstrate that miR-128 plays an essential role in 
CRC development, miR-128 suppresses CRC 
cell proliferation by targeting LRP6.

Mounting evidence have shown that the dereg-
ulation of miRNAs involve in development of 
CRC. For example, Li et al. [22] reported that 
miR-766 promoted cell proliferation of human 

colorectal cancer by targeting regulation of 
SOX6. Ren et al. [23] found that miR-206 func-
tioned as a tumor suppressor in the progres-
sion of CRC by targeting FMNL2 and c-MET. 
Furthermore, Sumbul et al. [24] revealed that 
miR-211 expression was upregulated and asso-
ciated with poor prognosis in colorectal cancer. 
However, different miRNAs might play different 
roles in CRC, so we still need to clarify the clini-
cal significance and function of certain specific 
miRNA. Many studies indicated that miR-128 
was downregulated in several types of cancer 
including hepatocellular carcinoma, prostate 
cancer, and so on. However, the expression and 
function of miR-128 in CRC have not been fully 
understood. Our study revealed that miR-128 is 
significantly down-regulated in CRC and inhibits 
CRC cell proliferation in vitro, miR-128 might 
play a tumor suppresser role in the pathogene-
sis of CRC.

Until now, hundreds of miRNAs have been dem-
onstrated to participate in the development of 
cancer though the regulation of oncogenes or 

Figure 4. Inverse relationship between LRP6 and 
miR-128 expression in CRC tissues. The expres-
sion of LRP6 is up-regulated in 30 paired CRC 
tissues (A) and 5 CRC cell lines (B), the expres-
sion of LRP6 in CRC tissues was inversely associ-
ated with the expression of miR-128 (C, r=-0.48, 
P<0.01). *P<0.05 and **P<0.01.
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suppressors. It is still necessary to explore the 
molecular mechanism underlying CRC progres-
sion of miR-128 by identifying the possible tar-
get gene. By using bioinformatics analyses and 
luciferase reporter assay, we demonstrated 
that low-density lipoprotein receptor-related 
protein 6 (LRP6) was a target of miR-128. LRP6 
is one of the co-receptors of Wnt/b-catenin 
pathway which form a signaling complex to acti-
vate downstream signaling, and is essential for 
the activation of Wnt/b-catenin pathway [25]. 
However, recent studies demonstrated that the 
expression of LRP6 was upregulated in many 
types of human cancers including breast can-
cer [26], prostate cancer [27], glioblastoma 
[28], hepatocellular carcinoma [29], and the 
potential role of LRP6 in tumorigenesis was 
regarded as an oncogenic protein. Tung et al. 
[25] found that LRP6 was frequently overex-
pressed in human hepatocellular carcinoma, 
overexpression of LRP6 contributed to the 
hyperactivation of the Wnt/β-catenin signaling 
pathway and it may play a role in hepatocar-
cinogenesis. Zhang et al. [30] reported that 
miR-202 suppressed cell proliferation in human 
hepatocellular carcinoma by downregulating 
LRP6. Furthermore, Lemieux et al. [31]. indicat-

ed that oncogenic activation of KRAS/BRAF/
MEK signaling stimulated the Wnt/β-catenin 
pathway through LRP6 in colorectal cancer, 
which in turn promoted tumor growth and 
invasion. 

In our study, LRP6 was upregulated in CRC tis-
sues and cell lines, and the expression of LRP6 
in CRC tissues was inversely correlated with 
the expression of miR-128. Moreover, knock-
down of LRP6 by siRNA in CRC cells led to inhi-
bition of cellular proliferation. Our results dem-
onstrated that LRP6 act as a target of miR-128 
and showed that overexpression of miR-128 
was correlated with knockdown of LRP6 lead-
ing to the inhibition of cell proliferation, where-
as co-transfected with LRP6 siRNA and miR-
128 mimics did not have further suppressive 
effect on cell growth in CRC cells. Taken togeth-
er, miR-128 plays a tumor suppressor role in 
colorectal cancer by down-regulating LRP6. 

In conclusion, our study revealed that miR-128 
was downregulated in CRC tissues and cell 
lines, while LRP6 was upregulated. The expres-
sion of LRP6 in CRC tissues was inversely cor-
related with the expression of miR-128. We 

Figure 5. MiR-128 suppresses CRC cell 
proliferation by targeting LRP6. A. The 
effect of LRP6 siRNA on the expression 
level of LRP6 mRNA by using qRT-PCR 
analysis. B. The effect of LRP6 siRNA on 
the expression level of LRP6 protein by 
using western blot analysis. C. Overex-
pression of miR-128 and knockdown of 
LRP6 suppressed SW480 cell prolifera-
tion. *P<0.05 and **P<0.01.
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also demonstrated that LRP6 was a direct tar-
get of miR-128. Overexpression of miR-128 
could suppress CRC cell proliferation through 
targeting LRP6. These results suggested that 
miR-128 may act as a potential therapeutic tar-
get for CRC.
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